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Abstract
We derive bounds on Higgs and gauge–boson anomalous interactions us-
ing the LEP2 data on the production of three photons and photon pairs in
association with hadrons. In the framework of SU(2)L ⊗ U(1)Y effective La-
grangians, we examine all dimension–six operators that lead to anomalous
Higgs interactions involving γ and Z. The search for Higgs boson decaying
to γγ pairs allow us to obtain constrains on these anomalous couplings that
are comparable with the ones originating from the analyses of pp¯ collisions at
the Tevatron. Our results also show that if the coefficients of all “blind” op-
erators are assumed to have same magnitude, the indirect constraints on the
anomalous couplings obtained from this analyses, for Higgs massesMH <∼ 140
GeV, are more restrictive than the ones coming from theW+W− production.
14.80.Cp, 13.85.Qk
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In the last few years it has been established that the interactions of the gauge bosons
with the fermions are well described by the Standard Model (SM) [1]. However, we are just
beginning to directly probe the self–interactions of the electroweak gauge bosons through
their pair production at the Tevatron [2] and LEP2 [3] colliders.
On the other hand, we still do not have any experimental evidence on how the symmetry
breaking takes place in the SM. A larger symmetry breaking sector can introduce modifica-
tions in the interactions of the vector and Higgs bosons predicted by the SM. These possible
deviations of the gauge–boson couplings from their SM values can be parametrized through
the use of effective Lagrangians. When the SU(2)L ⊗ U(1)Y symmetry is realized linearly
in the effective theory, i.e. when there is a light scalar Higgs doublet in the spectrum, the
lowest order anomalous interactions are given by dimension–six operators [4]. These new
interactions can alter considerably the low energy phenomenology. For instance, some oper-
ators can give rise to anomalous Hγγ and HZγ couplings which may affect the Higgs boson
production and decay [5].
It is important to notice that, since the linearly realized effective Lagrangians relate the
modifications in the Higgs couplings to the ones in the vector boson vertex [4–8], the search
for Higgs bosons can be used to not only study its properties, but also to place bounds
on the gauge–boson self interactions. This approach is more efficient when the analyses is
performed for decays of the Higgs boson that are suppressed in the SM, such as H → γγ
that occurs only at one loop level, and are enhanced by new anomalous interactions [9,10].
In this work, we use the recently released LEP data on the production of γγ in association
with hadrons [11] and γγγ [12] to constrain possible Higgs–boson anomalous couplings to
vector–bosons. Working with effective operators linearly invariant under the SU(2)L ⊗
U(1)Y , we obtain indirect limits on anomalous gauge–boson interactions from the search of
Higgs bosons decaying into two photons. Our results show that, for Higgs masses MH <∼
140 GeV, the constraints on anomalous couplings obtained from this analyses are more
restrictive than the ones coming from the W+W− production.
In the linear representation of the SU(2)L ⊗ U(1)Y symmetry breaking mechanism, the
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SM model is the lowest order approximation while the first corrections, which are of dimen-
sion six, can be written as
Leff =
∑
n
fn
Λ2
On (1)
where the operators On involve vector–boson and/or Higgs–boson fields with couplings fn.
This effective Lagrangian describes well the phenomenology of models that are somehow
close to the SM since a light Higgs scalar doublet is still present at low energies. Of the
eleven possible operatorsOn that are P and C even, only six of them modify the Higgs–boson
couplings to vector bosons [5,8],
OBW = Φ†BˆµνWˆ µνΦ ,
OWW = Φ†WˆµνWˆ µνΦ ,
OBB = Φ†BˆµνBˆµνΦ , (2)
OW = (DµΦ)†Wˆ µν(DνΦ) ,
OB = (DµΦ)†Bˆµν(DνΦ) ,
OΦ,1 = (DµΦ)†Φ†Φ (DµΦ) ,
where Φ is the Higgs doublet, Dµ the covariant derivative, Bˆµν = i(g
′/2)Bµν , and Wˆµν =
i(g/2)σaW aµν , with Bµν and W
a
µν being respectively the U(1)Y and SU(2)L field strength
tensors.
Anomalous Hγγ, HZγ, and HZZ couplings are generated by (2), which, in the unitary
gauge, are given by
LHeff = gHγγHAµνAµν + g(1)HZγAµνZµ∂νH + g(2)HZγHAµνZµν
+ g
(1)
HZZZµνZ
µ∂νH + g
(2)
HZZHZµνZ
µν + h
(3)
HZZHZµZ
µ , (3)
where A(Z)µν = ∂µA(Z)ν − ∂νA(Z)µ. The effective couplings gHγγ, g(1,2)HZγ, and g(1,2,3)HZZ are
related to the coefficients of the operators appearing in (1) through,
gHγγ = −
(
gMW
Λ2
)
s2(fBB + fWW − fBW )
2
,
3
g
(1)
HZγ =
(
gMW
Λ2
)
s(fW − fB)
2c
,
g
(2)
HZγ =
(
gMW
Λ2
)
s[2s2fBB − 2c2fWW + (c2 − s2)fBW ]
2c
, (4)
g
(1)
HZZ =
(
gMW
Λ2
)
c2fW + s
2fB
2c2
,
g
(2)
HZZ = −
(
gMW
Λ2
)
s4fBB + c
4fWW + c
2s2fBW
2c2
,
g
(3)
HZZ = 2
(
M3W
gΛ2
)
fΦ,1
c2
,
with g being the electroweak coupling constant, and s(c) ≡ sin(cos)θW .
The operators OΦ,1 and OBW contribute at tree level to the vector–boson two–point
functions, and consequently are severely constrained by the low–energy data [8]. The present
limits on these operators for MH = 100 GeV and mtop = 175 GeV read [13],
fΦ,1
Λ2
= (0.3± 0.16) TeV−2 , fBW
Λ2
= (3.7± 2.4) TeV−2 . (5)
Consequently we will neglect these operators in our analyses. On the order hand, the
remaining operators are indirectly constrained via their one–loop contributions to low energy
observables, which leads to fi/Λ
2 ∼ 100 TeV−2. The present data on gauge–boson pair
production leads to the following 95% CL bounds on anomalous couplings [2,3],
∣∣∣∣∣fWΛ2
∣∣∣∣∣ < 300 TeV−2 ,
∣∣∣∣∣fBΛ2
∣∣∣∣∣ < 390 TeV−2 . (6)
In order to obtain constraints on the anomalous couplings described above, we have used
the recent OPAL data [11,12] for the reactions,
e+e− → γγγ , (7)
e+e− → γγ + hadrons . (8)
The Feynman diagrams describing the anomalous contributions to the above reactions are
displayed in Fig. 1. The scattering amplitudes were generated using Madgraph [14] and
Helas [15], with the anomalous couplings, arising from the operators (2), being implemented
as Fortran routines. In Refs. [11,12], data taken at several energy points in the range
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√
s = 130 (91)–172, for the γγγ (γγ + hadrons) are combined. In our calculation we also
combined the expected number of events for the corresponding energies and accumulated
luminosities.
It is important to notice that the dimension-six operators (2) do not induce 4–point
anomalous couplings like ZZγγ, Zγγγ, and γγγγ, being these terms generated only by
dimension–eight and higher operators. Since the production and decay of the Higgs boson
also involve two dimension–six operators, we should, in principle, include in our calculations
dimension–eight operators that contribute to the above processes. Notwithstanding, we
can neglect the higher order interactions and bound the dimension–six couplings under the
naturalness assumption that no cancelation takes place amongst the dimension–six and –
eight contributions that appear at the same order in the expansion.
We start our analyses assuming that the only non–zero coefficients are the ones that
generate the anomalous Hγγ, i.e., fBB and fWW . We exhibit in Figs. 2 and 3 the 95%
CL exclusion region in the plane fBB × fWW obtained from the OPAL data on multiple
photon production [12] and diphoton events exhibiting hadrons [11]. In this analyses we
set all other anomalous couplings to zero and evaluated only the anomalous contribution
as the SM backgrounds were already subtracted in the experimental results. For small
Higgs masses (see Fig. 2) the Z, which decays hadronically, can be produced on mass shell
and, therefore, the strongest bounds come from the diphoton production in association with
hadrons. Since the anomalous contribution to Hγγ is zero for fBB = −fWW , the bounds
become very weak close to this line, as is clearly shown in Fig. 2. For higher Higgs–boson
masses (MH >∼ 80 GeV), the Z cannot be on–mass shell, and the γγ production accompanied
by hadrons is suppressed. In this case, only the γγγ final state is able to lead to new bounds.
Moreover, the anomalous production of a Hγ pair is also suppressed by the phase space as
MH increases and the limits worsen, as we can see from Fig. 3. It is interesting to notice
that the bounds obtained using the above processes are of the same order of the ones that
can be extracted from the Tevatron collider for small Higgs boson masses (MH <∼ 80 GeV).
For the sake of comparison, we present in Fig. 4 the contours in the fBB × fWW plane from
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analyses of e+e− → γγγ and from pp¯→ H(→ γγ)+ 6ET [10]. Therefore, LEP2 should lead
to more stringent bounds on dimension–six operators with the increase of its accumulated
luminosity.
In order to reduce the number of free parameters and, at the same time, relate the
anomalous Higgs and the triple vector–boson couplings, one can make the assumption that
all blind operators affecting the Higgs interactions have a common coupling f , i.e.
fW = fB = fWW = fBB = f , (9)
and that fΦ,1 ≃ fBW ≃ 0 [5,8,16]. In this scenario, g(1)HZγ = g(3)HZZ = 0, and we can relate
the Higgs boson anomalous coupling f with the conventional parametrization of the vertex
WWV (V = Z, γ) [17]
∆κγ =
M2W
Λ2
f , ∆κZ =
M2Z
2Λ2
(1− 2s2) f , ∆gZ1 =
M2Z
2Λ2
f . (10)
We present in Table I the 95% CL allowed regions of the anomalous couplings in the
scenario defined by Eq. (9). In this framework, the bounds become weaker with the increase
of the Higgs boson mass. The production of diphotons in association with hadrons is again
important only when its is possible to produce a pair HZ on mass shell. Using the relations
(10), it is possible to translate these bounds into limits on triple gauge bosons couplings ∆κγ ,
∆κZ , and ∆g
Z
1 , which we show in Table II for the γγγ production. As can be seen from this
Table, the search for Higgs bosons decaying into photon pairs leads to limits substantially
better then the ones derived from the recent analyses of W+W− production at LEP2 [3].
Summarizing, in this work we have estimated the limits on anomalous dimension–six
Higgs boson interactions that can be derived from the existing data on the search for Higgs
bosons decaying into two photons at LEP2. The bounds that arise from the anomalous Higgs
boson searches at LEP2 are as restrictive as the ones obtained at the Tevatron for small
Higgs masses (MH <∼ 80 GeV). Under the assumption of equal coefficients for all anomalous
Higgs operators, these bounds also lead to limits on triple–gauge–boson couplings. Our
results show that the limits obtained through this search are more restrictive than the ones
derived from the W pair production analyses.
6
ACKNOWLEDGMENTS
We would like to thank Kirsten Sachs and Peter Maettig from valuable discussions.
M. C. G–G is grateful to the Instituto de F´ısica Teo´rica for its kind hospitality. O. J. P.
E. is grateful to the Physics Department of University of Wisconsin, Madison for its kind
hospitality. This work was supported by Fundac¸a˜o de Amparo a` Pesquisa do Estado de Sa˜o
Paulo (FAPESP), by DGICYT under grant PB95-1077, by CICYT under grant AEN96–
1718, and by Conselho Nacional de Desenvolvimento Cient´ıfico e Tecnolo´gico (CNPq), by the
University of Wisconsin Research Committee with funds granted by the Wisconsin Alumni
Research Foundation, and by the U.S. Department of Energy under Grant No. DE-FG02-
95ER40896.
7
REFERENCES
[1] OPAL Collaboration, L3 Collaboration, DELPHI Collaboration ALEPH Collaboration,
LEP Electroweak Working Group, and SLD Heavy Flavour Group, preprint CERN-
PPE/97-154
[2] CDF Collaboration, F. Abe et al., Phys. Rev. Lett. 75 (1995) 1028; DØ Collaboration,
S. Abachi et al., Phys. Rev. Lett. 77 (1996) 3303; Phys. Rev. Lett. 78 (1997) 3634.
[3] ALEPH Collaboration, R. Barate et al., CERN–PPE–97–166;
DELPHI Collaboration, P. Abreu et al., Phys. Lett. B397 (1997) 158; idem report
CERN–PPE–97–163;
L3 Collaboration, M. Acciarri et al., Phys. Lett. B403 (1997) 168; idem, Phys. Lett.
B413 (1997) 176;
OPAL Collaboration, K. Ackerstaff et al., Phys. Lett. B397 (1997) 147; idem, report
CERN–PPE–97–125;
See also the ALEPH, DELPHI, L3, and OPAL Collaborations contributions to the 1997
Europhysics Conference on High Energy Physics, Jerusalem, 1997.
[4] W. Buchmu¨ller and D. Wyler, Nucl. Phys. B268 (1986) 621.
[5] K. Hagiwara, R. Szalapski, and D. Zeppenfeld, Phys. Lett. B318 (1993) 155.
[6] A. De Rujula, M. B. Gavela, P. Hernandez, and E. Masso, Nucl. Phys. B384 (1992) 3;
A. De Rujula, M. B. Gavela, O. Pene, and F. J. Vegas, Nucl. Phys. B357 (1991) 311.
[7] K. Hagiwara, S. Ishihara, R. Szalapski, and D. Zeppenfeld, Phys. Lett. B283 (1992) 353;
K. Hagiwara, T. Hatsukano, S. Ishihara, and R. Szalapski, Nucl. Phys. B496 (1997) 66.
[8] K. Hagiwara, S. Ishihara, R. Szalapski, and D. Zeppenfeld, Phys. Rev. D 48 (1993)
2182.
[9] G. J. Gounaris, F. M. Renard, and N. D. Vlachos, Nucl. Phys. B459 (1996) 51; F. de
8
Campos, S. M. Lietti, S. F. Novaes, and R. Rosenfeld, Phys. Lett. B389 (1996) 93; S.
M. Lietti and S. F. Novaes, Phys. Lett. B416 (1998) 441.
[10] F. de Campos, M. C. Gonzalez–Garcia, and S. F. Novaes, Phys. Rev. Lett. 79 (1997)
5213; M. C. Gonzalez–Garcia, S. M. Lietti, and S. F. Novaes, preprint IFT–P.076/97,
hep-ph/9711246, Phys. Rev. D (in press).
[11] OPAL Collaboration, K. Ackerstaff et al., Eur. Phys. J. C1 (1998) 31.
[12] OPAL Collaboration, K. Ackerstaff et al., Eur. Phys. J. C1 (1998) 21.
[13] S. Alam, S. Dawson, and R. Szalapski, preprint KEK–TH–519, hep-ph/9706542, Phys.
Rev. D (in press).
[14] W. Long and T. Steltzer, Comput. Phys. Commun. 81, 357 (1994).
[15] H. Murayama, I. Watanabe, and K. Hagiwara, KEK report 91-11 (unpublished).
[16] H. Aihara et al., preprint LBL–37155 and hep–ph/9503425, Summary of the Working
Subgroup on Anomalous Gauge Boson Interactions of the DPF Long–Range Planning
Study, to appear in “Electroweak Symmetry Breaking and Beyond the Standard Model”,
edited by T. Barklow, S. Dawson, H. Haber and J. Siegrist.
[17] K. Hagiwara, H. Hikasa, R. D. Peccei, and D. Zeppenfeld, Nucl. Phys. B282, 253 (1987).
9
TABLES
MH(GeV) e
+e− → γγγ e+e− → qq¯γγ
60 ( −56 , 50 ) ( −24 , 35 )
80 ( −53 , 49 ) ( −107 , 128 )
100 ( −64 , 57 ) ( −730 , 750 )
120 ( −82 , 70 ) ——
140 ( −192 , 175 ) ——
TABLE I. Allowed range of f/Λ2 in TeV−2 at 95% CL coming from the processes e+e− → γγγ
and e+e− → qq¯γγ at LEP2. We assumed the scenario defined by Eq. (9).
MH(GeV) ∆κγ ∆κZ ∆g
Z
1
60 ( −0.36 , 0.32 ) ( −0.13 , 0.11) (−0.23 , 0.21)
80 ( −0.34 , 0.32 ) (−0.12 , 0.11) (−0.22 , 0.21)
100 ( −0.41 , 0.37 ) (−0.15 , 0.13) (−0.26 , 0.24)
120 ( −0.53 , 0.45 ) (−0.19 , 0.16) (−0.34 , 0.29)
140 ( −1.24 , 1.13 ) (−0.44 , 0.40) (−0.80 , 0.73)
TABLE II. 95% CL allowed range of ∆κγ , ∆κz, and ∆g
Z
1 obtained from the analyses of γγγ
production, assuming the scenario defined by Eq. (9).
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FIG. 1. Anomalous contribution for the γγγ production (a) and γγ in association with hadrons
(b).
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FIG. 2. Contour plot of fBB × fWW , in TeV−2. The curves show the 95% CL deviations from
the SM total cross section, for e+e− → γγγ (dark lines) and e+e− → qq¯γγ (light lines) for (a)
MH = 60 GeV and (b) MH = 80 GeV. The excluded regions are outside the lines
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FIG. 3. Contour plot of fBB × fWW , in TeV−2. The curves show the 95% CL deviations from
the SM total cross section, for e+e− → γγγ with MH = 100 GeV (dark lines), and MH = 120 GeV
(light lines).
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FIG. 4. Contour plot of fBB × fWW , in TeV−2. The curves show the 95% CL deviations from
the SM total cross section, for e+e− → γγγ with MH = 80 GeV (dark lines) and pp¯→ γγ+ 6ET at
Tevatron with MH = 80 GeV (light lines).
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